Synchrotron Radiation interferences between small dipoles in the very low (visible) frequency range have been studied at the LEP diagnostic mini-wiggler. Their understanding allowed a substantial brightness gain by adequate layout modifications. The phenomenon is described analytically in terms of time coherence effects. This serves as a basis for further detailed numerical simulations of the experiment by means of stepwise ray-tracing, and allows precise interpretation of the spectral, polarization and intensity measurements collected at LEP. It also provides guidelines for SR diagnostic at injection energy in LHC.
INTRODUCTION
Two identical devices (mini-wigglers) [ 11 provide dedicated SR for transverse and longitudinal bunch profile measurements on e+ and e-beams in LEP with a streak camera sensitive in the near-UV to visible range [2] . They a r~ located at w 67 m on either side of IP1 where the light beams are extracted by plane mirrors.
A first configuration exploited until 1993 ( Fig. 1 ) involved a N 3 m long localised closed orbit bump. It was subject to harmful multiple image formation and interference effects which received theoretical interpretation [3] . This led to the design of a new configuration ( 
EXPERIMENTAL RESULTS
The first comparative measurements between the original mini-wiggler set-up and a configuration where the SR emission from a single dipole could be observed were performed in 1993 [5]. In the former case the light intensity was comparable to that from the parasitic sources (e.g. the quadrupole QL4) while in the latter case about 2 orders of magnitude intensity were gained (Fig. 3) . This result suggested that the interference effects could be cured on the basis of the theoretical investigations [3] . Experiments have been performed using this new configuration the main results can be summarised as follows.
The intensity from the W3-W4 pair agreed, well with SR froma single dipole confirming the remaining factor of N 2 in the interference intensity loss predicted from the numerical simulations for the case of a pair of dipoles 6 m apart. It is worth to mention that following the improvements in the production of visible light a series of accelerator physics experiments requiring the use of the streak camera were performed with a very low current (4pA single bunch).
Intensity measurements as a function of the deflection a in W3 and W4 were performed making use of polarising filters to separate the n-and the n-components of the radiation (Table 1 
I Inteverence
Numerical simulations of interference [3] by ray-tracing [7] in the first 4-dipole configurations (Fig. 1) are reported in Fig. 3 . Interference consists of time coherence effects which can be summarized as follows. An electron traversing a pair of dipoles (for simplification) delivers a double electric field impulse (Fig. 4) which can be written where e(t) is the single dipole impulse, 6 is the Dirac distribution, t is the observer time, T = d ( l + y2Q2 + K2/2)/(2y2c) is the time delay between the two impulses (y= relativistic Lorentz factor, Q = observation angle, K = cry, c= light velocity, d=magnet separation).
The squared Fourier transform of E ( t ) is homogeneous to the SR brightness at the observer and is written where lZ(w)l2 describes the brightness due to one dipole, homogeneous to the Kl/a or K2/3 Bessel functions in regular SR. For dipoles which are d N metres apart (Fig. 2) , and w N 0.5 eV (visible light, left end of the spectrum in Fig. 4) , one gets wT/2 << 1 and the attenuation due to the interference amounts to sin2(wT/2) N ( w T /~)~.
Pulling the two dipoles 6.75 m apart [W3-W4 in Fig. 2 ) leads to an increase in sin2(wT/2) by a factor (6.75/0.76)2 N_ 80, consistent with the measured intensity gain obtained by going from the first miniwiggler configuration to the second one. It can be shown (Fig. 5 and Table 1 ) that the P,/P, ratio varies strongly from one dipole excitation to another, but is very different from the usually assumed (2/3)/[1/3) ratio of the low frequency SR approximation [9]. It can be verified that dPg/dcp is zero for cp = a (Fig. 6) ; this is due to / E,dt = 0 for that particular direction of radiation [3] .
Single dipole
An important feature of these simulations is that they involve the single SR source W4, thus neglecting any residual interference effects due to W3. Such interference would result in a distortion of the SR spectrum by a partial sinemodulation (Fig. 4) which in turn would translate into nonlinear effects in Fig. 5 , where the light power as a function of the dipole excitation is implicitely correlated to the overlapping of the two sources W3 and W4.
The intensity measurements do not prove the existence of such residual interference. Nevertheless the slight discrepancies between the measurements and the simulations (Fig. 5) might reveal it. This point would deserve deeper experimental and theoretical investigations. It might for instance explain the fringes that appear in the n--spot of the W3-W4 image observed at 12A [4] . As well, special properties apparent in Fig. 6 
CONCLUSIONS
A new configuration of the dedicated SR source (miniwiggler) compatible with LEP2 energies and the bunch train scheme is now in operation. Pulling the last two dipoles 6.75 m apart considerably reduces the destructive interference and improves the light intensity by a factor of 30 compared to the previous configuration. These experimental results confirm the theoretical investigations and provide a deeper insight into interference issue in connection with the emission of synchrotron radiation from small dipoles. This might be of particular importance for the optimisation of LHC beam diagnostics [12] where the same ray-tracing methods and codes are used to investigate the brightness of a short dipole in the spectral range beyond the critical energy. 
